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@ Laser apparatus for repetitively marking a moving sheet 

(g) A laser beam (40) is used to mark a longitudinally moving 
w,eb (52) of paper (40) both at intervals (Sz) along its length and 
at plural locations spaced (Sx) across its width so that each of 
the sheets finally cut from the web (52) bears a mark (70). The 
web (52) passes over a cylinder (50) having windows (54) 
bearing masks (Fig. 6) carrying a logo or the like to be marked 
on the web (52). Mirrors (22) are arranged on a drum assembly 
10 coaxiaily located in the cylinder 50 to rotate therewith. The 
mirrors 22 are disposed in helical sets (30a-35a) extending 
along the axis (A) of. the cylinder (50) to successively intercept a 
laser beam (40) directed parallel to the axis of the drum and to 
reflect the beam (42) to successive mask windows (54). The 
mirrors (22) are plane mirrors (24) set at 45*^ to the axis (A) and 
cause the reflected beam (42) to scan the mask tn the 
circumferential direction. The beam is cotlimated but not 
focussed and has a diameter that encompasses the transverse 
width of the mask. A ring mode laser beam (Fig. 8) is preferred, 
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Description 

LASER APPARATUS FOR REPETITIVELY MARKING A MOVING SHEET 

This invention relates to marking a moving sheet 
of material by using ligiit energy, and more particu- 
larly to repetitively marking a longitudinally moving 
web of material along a plurality of longitudinal axes. 
A special concern is with the provision of an image, 
such as a logo, at intervals along a web of paper 
such that when the web is later slit longitudinally and 
cut transversely into individual sheets, each sheet 
will bear the image. 

The invention is. however, contemplated to be of 
more general utility in the marking of a moving sheet 
of material. It will be understood that in this context 
"light", whether from a laser or other source, 
Includes radiation both within and without the visible 
spectrum. "Marking" of a sheet is used herein to 
mean effecting a change in the sheet by impinging 
light on the sheet. Such a change may. for example, 
be thermally induced or photo-chemically Induced, 
and may or may not be visible. The practice of the 
invention finds particular application where the 
marking to be applied to the sheet is in accord with 
some prescribed pattern or design. The invention 
will be particularly described in relation to marking 
paper with a visible image. 

It is long-established in paper making to water- 
mark the web on the Foudrinier wire. The web is so 
marked at sufficient intervals both across and along 
the web such that when It is finally sliced and cut into 

individual sheets, each sheet will bear a water-mark 

associated with the paper manufacturer. In practice 

water-marking in the conventional fashion is only 

economical for relatively expensive grades of paper 

that are produced at relatively slow speed. Conven- 
tional water-marking is not normally applied to 

papers in which the water-marking may be obscured 

by subsequently applied coatings. It is not applied 

with paper that is to be used in the manufacture of 

carbonless-copy paper, except for letter-head or 

relatively low tonnage premium qualities, primarily on 

the economic ground above mentioned. Non- 
etheless, the manufacturer of such papers may wish 

to identify the paper with himself, since cut sheet as 

packed and sold will normally bear the label of some 

other company. Thus the need arises for some other 

means of marking which is identifiable but is not too 

obtrusive for the use for which the paper is intended. 
Many materials such as metal, plastics and paper 

can be marked by use of laser light which may 

remove a coating layer or act on a surface layer of a 

base material. Such action may be a removal or 

"burning" of material or other thermally induced 

change, such as a colour change, depending on the 

material in question. An example of the use of lasers 

for this purposed is described in the journal "Laser 

Focus". July 1975. pages 28 to 32 under the heading 

"Fast laser pulses can etch a pattern on a moving 
part on a production line". Apparatus for this general 
purpose is available from various manufacturers. In 
the commercially available apparatus a mask con- 
taining the pattern to be marked on the product is 
imaged onto the product. The mask is in the form of 
a stencil through which light is transmissible. The 



whole mask is illuminated with a laser pulse to 
produce pulsed image on the product. By using 
5 short pulses of sufficient energy, the apparatus can 
cleariy mark a rapidly moving surface. 

Such apparatus can be used for the marking of 
paper. In principle it can be used on a paper making 
machine or in other machines for processing 
10 manufactured web, such as coating machines that 
apply the micro capsules for carbonless copy paper 
as disclosed in patent specification EP 0240259. 
Such a web may be typically up to several metres 
wide and is normally subsequently longitudinally slit 
15 into reels which may then be used to provide sheets 
either in pre-cut form or to provide continuous 
stationery. Thus each longitudinal section to.be slit 
from the web requires to be marked at intervals 
along Its length. Whilst in principle this can be done 
20 in the pulse imaging system described with the aid of 
beam splitters, beam splitting divides the pulse 
energy requiring an increase in the power of laser 
source for required image intensity at the web. The 
pulse power required is relatively high since the 
25 whole mask area as imaged on the web is illuminated 
at one time and the effective dwell time on the 
moving web Is necessarily short in order to prevent 
blurring of the image. Typically a web may be moving 
at speed up to 20 m/s. 
30 There have been numerous proposals to use laser 

energy to perforate cigarette tipping paper. Here the 
object is to form small perforations, not to make any 
image on the paper. Such proposals have used 
optical switching means, possibly combined with 
35 focussing arrangements, to direct a laser beam to 
successive locations across and along the web. The 
proposals involve the use of staggered arrays of 
optical elements, often arranged in a rotary fashion. 
Examples are found in U.K. patent specifications GB 
40 1603752, 2022492. 2027628 and 2032323; and in 
European specifications EP 0021165 and 0047604. 
Optical switching arrangements are also disclosed In 
GB 2074341 and EP 0042173. An alternative to 
optical switching is disclosed in GB 2118882 in 
45 which a web of cigarette tipping paper passes over a 
drum containing spaced circumferential rows of 
apertures at which individual lasers located in the 
drum are directed. 

Specification GB 2161752A discloses the applica- 
50 tion of laser energy to a web at selected points. GB 
2133352 describes how a laser beam can be used to 
mark a moving product by use of electronically-con- 
trolled beam deflection to produce indicia on a dot 
matrix bases. 

55 It is also known to laser engrave materials, 
including paper. Such a system is described in GB 
2126955 in which the engraving image and the object 
to be engraved are essentially raster scanned by a 
f ocussed laser beam. This is not suitable for multiple 
60 marking of a moving web. 

In a prior proposal disclosed in European Patent 
Application 88300269.3 (published under the num- 
ber EP-A 279505 on 24th August 1988) a continuous 
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wave CW laser is utilised to provide the marking of 
the web at several locations transversely on the 
longitudinally moving web and repetitively along the 
web. The web is marked with an image derived from 
an image-bearing mask. The input beam is sequen- 
tially switched to the several output locations by 
optical elements and may be arranged to provide 
almost continuous use of the laser beam energy. 
Effectively the optical switching elements serve to 
sequentially establish a plurality of optical paths 
terminating at the output locations but having a 
common input for receiving the laser beam. It is of 
particular interest to mark the web with an image 
which is derived from an image-bearing mask. The 
mask is scanned in a manner which enables a lower 
power beam to be used than would be the case of 
imaging the whole mask. More particularly, to effect 
scanning, the incoming laser beam Is focussed to a 
predetermined configuration, specifically a line, 
which is scanned across the mask so as to modulate 
the intensity distribution. The scanning of each mask 
is performed by focussing the beam to a line 
configuration tfiat is fixed in space and moving the 
mask through the focus. Such a focus is required for 
each output location across the web. The foci 
intercepted by the respective masks may lie In a 
plane that is essentially at the web surface. This is a 
contacting system in which the web is conveniently 
guided over the surface of a rotating drum. The 
masks are located at the surface and the other 
optical elements are contained within the drum. 
Alternatively the web may be moved in a plane 
spaced from the drum. Each line focus is re-Imaged 
to the plane of the web so that as a line focus scans 
a mask the scan is reproduced on the web. 

In putting the above prior proposal into practice, 
the beam-switching and focussing into lines is done 
by arrays of conical mirror segments or else the 
switching and focussing functions are separated by 
means of a combination of plane switching mirrors in 
rotary arrays -the array mirrors being inter- 
leaved - together with fixed conical mirror segments. 

There will be described hereinafter an apparatus 
system and method in accord with the present 
invention which reproduces the image of a moving 
image-bearing mask onto a moving sheet, specifi- 
cally a web. but in which the mask is scanned by a 
non-focussed beam of light, specifically a laser 
beam, the beam Impinging on the mask Is reflected 
from a moving mirror that causes an angular 
scanning of the reflected beam which in turn is used 
to scan the moving mask. This principle enables an 
array of mirrors to be constructed to perform beam 
switching and scanning for marking a web along 
spaced longitudinal axes. As will be shown the 
scanning and switching are obtainable using plane 
mirrors. The mirror array and its associated masks 
are of a generally drum-like or cylindrical construc- 
tion. 

Aspects of the invention and preferred features of 
it are set out in the claims following this description. 

An embodiment of the invention will now be 
further described with reference to the accompa- 
nying drawings, in which :- 

Fig. 1 shows a perspective view of a drum 



carrying a plane mirror array; 

Fig. 2 shows an axlally-directed, i.e. end-on, 
view of the mirror array; 

Fig. 3 is a simplified side view of the drum 
5 coaxial, and rotating as a unitary structure with, 

a web-guiding cylinder external to the drum, 
only the one mirror currently intercepting the 
laser beam being shown to illustrate the optical 
path; 

10 Fig. 4 is a simplified axial view of the drum 

within the cylinder, only one mirror being shown 
in two successive positions to illustrate the 
sweeping of the reflected beam as the mirror 
rotates through the input beam; the two 

15 positions being shown in full and chain line 

respectively; 

Fig. 5 shows a section of web indicating the 
marking areas (in the absence of image bearing 
masks) ; and 

20 Fig. 6 shows an image bearing mask for use 

In a paper-making machine to provide an image 
at Intervals both across and lengthwise of the 
web such that an image will appear on eacli of 
the individual sheets to be cut from the web, 
25 Fig. 7 shows a perspective view of an 

implementation of a mirror drum and web-guid- 
ing cylinder assembly of the kind illustrated in 
Figs. 3 and 4; and 

Fig. 8 shows the irradiance (power density) 
30 distribution of a laser beam particularly suitable 

for use in the practice of the present invention. 
Referring to Fig. 1. a cylindrical drum 10 is 
mounted for rotation about its axis A-A. The outer 
surface of the drum 10 carries an array 20 of mirror 
35 elements 22. each having a plane mirror surface 24 
whose plane is at 45** to a plane normal to the axis 
A-A. All the mirrors lie at the same radius from the 
axis for impingement thereon of a laser beam 
directed parallel to the axisas will be later described. 
40 The array is divided into axially- spaced sets of 
mirrors 30 to 35, the axial spacing being denoted Sx. 
For clarity only one mirror 30a, to 35a of each set is 
shown. The positions of further mirrors 30b, 30c etc. 
are illustrated. The sets are angularly offset from one 
45 another so that an axial series of mirrors such as 
30a-35a. 30b-35b each form a helix. The array of 
mirrors seen from one end of the drum in Fig. 2 fills a 
circular annulus to provide a continuous reflecting 
surface as seen by a laser beam 40 directed 
50 perpendicularly into the plane of Fig. 2 parallel to the 
axis A-A at a distance r from the axis. The laser beam 
40 is illustrated as being vertically below the axis 
which is indicated by point Q in Fig. 2. The mirror 
surfaces 24 all have the same circumferential 
55 dimension w at the radius r and as is seen projected 
onto the plane of Fig. 2 are"wedge-shaped. The laser 
beam source (not shown) Is a continuous wave (CW) 
laser. 

It will be appreciated that the laser beam success- 
60 iveiy impinges on a respective mirror from each set 
such as 30a. 31a 35a. That is, the mirrors of the 
sets are interleaved and angularly offset. Conse- 
quently the beam will be reflected radially away from 
axis A-A at successive axial positions corresponding 
65 to mirrors 30a-35a and then the sequence will be 
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repeated for mirrors 30b-35b and so on, dependent 
on the number of sets m and the number of mirrors 
in each set, n. As illustrated m = 6 and n = 3. As 
the min-ors fill a complete annulus as seen in Fig. 2 
each subtends an angle of 27t/m.n radians about the 
point Q. 

In Fig. 1 each mirror has a transverse dimension 
which is equal to the spacing Sx. Thus each mirror is 
capable of projecting a beam across the full 
transverse width Sx of each longitudinal section of 
the web. In practice the marl< to be made has a 
transverse dimension Lx which is only a small 
fraction of Sx and the transverse extent of each 
mirror, and therewith its radial height h from the 
drum surface, can be reduced accordingly. This is 
discussed further below. 

For an initial explanation of the optical operation of 
the system and to illustrate the optical paths 
involved, it will be assumed that the laser beam 40 is 
of small cross-section relative to the mirrors, 
though, as will be later discussed, in practice the 
beam is given a substantial cross-section to illumi- 
nate at least a major part of each mirror surface. 

Referring now to Fig. 3, there is shown one mirror 
element 22 as it passes through its lowermost 
centre position with the plane of the mirror surface 
24 normal to the plane of the drawing and at 45*^ to 
the axis of the input beam 40. At this one 
instantaneous position the beam is reflected verti- 
cally downwards as indicated at 42. 

The drum 10 is coaxially located within a larger 
drum or cylinder 50 over which passes a web of 
paper 52 moving through a paper making or paper 
coating machine. It will be readily apparent to those 
skilled in the art that cylinders or drums intended for 
special purposes can be installed along the web 
path in paper making machines. In this use, as is 
better illustrated in Fig. 4, the web 52 passes over an 
area of cylinder 50, with the aid of additional guide 
rollers if necessary, with the common axis A-A of 
cylinder 50 and drum 10 perpendicular to the 
direction of web movement. Thus in Fig. 3 the web is 
moving normal to and out of the plane of the figure. 
The drum 10 and cylinder 50 are mounted as part of a 
unitary structure rotating anti-clockwise as seen 
from the left of Fig. 3. The drive means is not shown 
but is arranged to match the outer peripheral speed 
of the cylinder 50 to that of the web 52. As will be 
further discussed below, the cylinder 50 has a 
respective aperture 54 radially aligned with each 
mirror element 22 so that the apertures are in 
axially-spaced sets corresponding to the mirror sets 
30-35. Each set of apertures lies in the same plane 
as its associated min-or sets, there being an equal 
number of mirrors and apertures. The radial align- 
ment ensures that as each mirror achieves its beam 
reflection position, the associated mask aperture 
achieves a marking position for the web as will now 
be described. These apertures locate image-bearing 
masks discussed later. Assume for the moment that 
the apertures are open and are of rectangular shape 
with the longer dimension in the circumferential 
direction- The cylinder 50 has an externa! radius R 
which defines the radius of the arcuate path through 
which web 52 is moving. 



One implementation of the kind of mirror drum 
and cylinder arrangement envisaged may be better 
appreciated from the perspective view of Fig. 7 
which shows the cylinder 50 about which the web 52 
5 is carried in its movement along the paper path. The 
cylinder having the peripherally and laterally stag- 
gered series of apertures 54 through which marks 70 
are produced on the web as will be more fully 
described with reference to Fig. 5. 
10 Fig. 7 also sliows the manner in which the mirror 
drum 10 of Fig. 1 can be constructed and located 
within the cylinder 50. The drum is conveniently 
constructed as a shaft carrying fixedly secured rings 
which in turn carry the mirrors. This is indicated as 
15 assembly 1 0' in Fig. 7. Each mirror, 30a, 31a. etc. can 
be mounted on a ring 36 secured on a central shaft 
37 driven by a motor 38. The cylinder 50 and shaft 37 
can be connected to rotate in unison by means of 
spokes (not shown). The spokes may be provided at 
2£7 the ends of the cylinder remote from the beam input 
path 40, and for adequate rigidity by also locating 
spokes rearwardly of the mirrors within the cylinder 
with respect to the beam input. Such positioning of 
the spokes ensures no diminution of the total 
25 aperture seen in Fig. 2. 

As already mentioned, at the instantaneous 
position shown in Fig. 3. the reflected beam 42 is 
directed vertically downwards through the associ- 
ated aperture 54 and impinges on the web 52 normal 
30 thereto. As the min-or surface 24 rotates about axis 
A-A. its plane skews with respect to the position 
shown, that iS;it no longer remains normal to the 
plane of the drawing. The result is that as the mirror 
moves in its rotation from a position preceding that 
35 shown to one succeeding that shown the reflected 
beam 42 is swung through an arc from a position 
trailing the angular position of the mirror to a 
position leading the mirror. As the cylinder 50 is 
rotating with the mirror, the beam is likewise swept 
40 forward over the aperture 54 in the drum. This 
forward sweep of the beam is used to scan the 
mask-receiving aperture. As the beam leaves the 
mirror surface of one set - e.g. 31a - it impinges on 
the mirror in the next set - 32a - and provides a like 
45 scan of its associated drum aperture that is spaced 
transversely across the web by the distance Sx. 

The generation of this sweep is shown in Fig. 4 
which shows one mirror surface 24 rotating counter- 
clockwise about the axis A-A that extends normal to 
50 the plane of the figure through the point Q. As in 
Fig. 2, the incoming laser beam 40 is directed normal 
to the plane of the figure at the distance r vertically 
below the axis. The beam axis is indicated as an 
origin O for the reflected paths now to be described. 
55 The web 62 moving with the cylinder 50 (not shown) 
traverses the arcuate path shown at the radius R 
about point Q. The mirror surface 24 is shown in full 
line in a first position with leading edge 26 just 
intersecting the beam. The mirror surface has a 
60 central meridian which is radially oriented as pro- 
jected onto the plane of Fig. 4 and which will 
intersect the beam 40 at point M as the mirror 
continues to rotate. On further rotation the beam will 
leave the trailing edge 28 of the mirror when the 
65 mirror is in a second position shown In chain line 
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position. 

When the beam 40 strikes the meridian point M. 
the mirror is mid-way between the full and chain line 
positions of Fig. 4 and the mirror plane is in the 
position shown in Fig. 3 in which the beam is 
reflected vertically downward, that is along a radial 
line extending from Q to strike the web at point S. 
Considering generally reflection from plane mirror 
surface 24, it will be appreciated that the laser beam 
impinging on the flat mirror surface will be reflected 
in a direction which Is parallel to that in which It 
would be reflected had the beam been translated 
laterally to impinge on the meridian axis. 

Thus in the full line mirror position of Fig. 4 with 
beam 40 intercepted by edge 26 the reflection of the 
beam is along a line 60 to strike the web at T. Une 60 
is parallel to the radial line QP extending through the 
median point M and containing the projected 
meridian axis. Upon further rotation of the rnlrror to 
bring point M into intersection with the beam, the 
axis QP is now vertical and the beam is reflected 
vertically downwards to point S. This is the mirror 
orientation of Fig. 3. Further rotation of the mirror to 
the chain line position brings the radial QP through 
the point M (shown as M') to the position QP'. The 
beam is reflected along line 62 to strike the web at 
point U. It is seen that the bearh position in the 
apparatus, i.e. in space, has advanced as the mirror 
rotates. If the angle subtended in the plane of Fig. 4 
by the points at which the leading edge 26 and 
trailing edge 28 intersect the beam is p. then it can 
be seen that the angle PQP' is also P and that the 
angle of advance of the reflected beam about the 
origin O is also p. 

At the same time as the mirror 24 has moved 
through the angle p so has the web 52 moved 
through the same angle about Q. The point T at 
which the beam first struck the web has advanced to 
the point T'. Thus the area marked on the web is that 
between T' and U. It may aid understanding the 
scanning operation to imagine the mirror 24 and web 
52 as being fixed and the laser beam 40 being moved 
clockwise around point Q at radius r which is entirely 
equivalent to the operation just described. If the 
mirror was fixed in the chain line position, it is readily 
seen that the beam moving about Q. with its axis 
maintained normal to the plane of the drawing, would 
generate a reflected beam to move from T' to U. all 
reflected beams being parallel in their orientations. It 
is to be further noted that as the web has moved 
from T to T' over an arc of length Sz, the bieam has 
impinged on and marked the web over an arc UT' of 
length Lz (the x and z suffices indicate the 
transverse and longitudinal directions respectively 
of the web). The ratio of Lz to Sz can be adjusted by 
selection of R/r in any practical apparatus. 

It will be appreciated from the geometry of Fig. 4 
that provided the mirror 24 is rotating at a uniform 
rate Q., the reflected beam will scan from T to U 
about O at the same uniform rate. This leads in turn 
to the beam advancing over the web at a substan- 
tially uniform velocity Q(R-r). This is not exactly 
uniform because the path TSU is not quite, though It 
closely approximates, an arc of radius (R -r). The 
path and arc coincide at S. 



Having described the scanning of the beam by 
one mirror, attention can now be given to the array 
20 as a whole. If, for example, the mirror 24 of Fig. 4 
is particularized as being that of mirror 30a of the 
5 array seen in Fig. 1, it will be appreciated that as 
mirror 30a reaches the chain tine position of Fig. 4. 
mirror 31a reaches the full line position so that the 
beam immediately switches from Its trailing edge of 
mirror 30a to the leading edge of mirror 31a. As seen 
10 . in the axially directed view of Fig. 4 the beam 
instantly switches or flies back from point U to point 
/ T, and begins a new scan in the manner already 
described except that the new scan is offset across 
the width of the web by the distance Sx (Fig. 1). 
15 When the trailing edge of mirror 35a leaves the 
beam at the farther side of the web the beam is 
intercepted by the nearer-side mirror at position 30b 
so that, there is an instantaneous flyback to the 
starting position. In space the successive intercep- 
20 tions of the beam by mirrors 3C^ -35a cause the 
beam to perform a fixed raster type of scan across 
the web, the scan lines extending in the longitudinal 
(z) directori of the web and with Instantaneous 
flyback between successive scan lines and from the 
25 end of one raster to the start of the next. This 
spacially fixed raster scan is translated into a 
longitudinally staggered series of marks on the web 
due to its longitudinal movement, as is shown in 
Fig. 5, where the marks 70a - 75a are produced by 
30 the scanning action of mirrors 30a - 35a respectively. 
It will be noted that in addition to the marks having 
the dimensions and spacings already discussed, 
each is shown not as a line but as ah area having the 
length Lz already mentioned and a width Lx. This 
35 requires the laser beam 40 to be given a substantial 
transverse cross-section as reflected on the web. as 
will be discussed below. 

Continuing for the present with the assumption of 
the laser beam as a single ray path, further 
40 consideration can be given to the operating parame- 
ters already discussed. For the plane mln-or an-ay 
discussed above, the ratio Lz/Sz is a function of r/R 
from the geometry of Fig. 4. However, it is not 
essential to use plane mirrors. Non-planar mirrors 
45 could be used, for example to modify the beam 
shape at impact on the mask. The stagger Sz 
between successive marks is a function of the paper 
velocity Vp. which in the example discussed is given 
by Vp = QR, where Q is the common angular 
50 velocity of mirror drum 10 and the paper-carrying 
cylinder 50. In practice, the paper velocity Vp will be 
the governing factor in designing the parameters of 
the marking apparatus since Vp is set by the paper 
making or coating machine in which the apparatus is 
55 installed. It is not essential that the drum 10 and 
cylinder 50 have the same angular velocity. If the 
cylinder velocrty is the higher, the stagger Sz Is 
increased and vice versa . It does not affect the Lz/Sz 
ratio. 

60 Some indication of practical design values for the 
apparatus so far discussed will now be given. The 
total number of mirrors In the an-ay 20 is m.n, where 
it will be recalled that m Is the number of mirror sets 
aJong the dmm 10 and n Is the number of mirror 

65 helices extending along the drum. There are n.rn 
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marks per revolution of cylinder 50 of the external 
diameter R so that the stagger Sz is given by: 
Sz = 2 TtR/n.m (1). 

It can be shown that on the assumption that the 
whole apparatus rotates together at the same 
angular velocity, to a close approximation the actual 
length Lz of each mark is given by: 
Lz/Sz = r/R (2). 

To provide a given size of sheet (say A4) from the 
web, it is slit longitudinally into rolls and the rolls cut 
transversely into sheets. To provide a mark on each 
sheet, there is to be a set of mirrors aligned with 
each longitudinal section. Thus the number m of 
mirror sets equals the number of such sections. 

In the longitudinal direction it wiit be seen from 
Fig. 5 that the marks along a given longitudinal 
section are spaced by m.Sz and from equation (1) 
this interval is equal to 27iR/n. Thus the required 
outer radius R of the cylinder 50 depends on the 
number n of mirrors per set. The drawings show 
n = 3 but n 4 is presently considered preferable. 
If both the longitudinal interval m.Sz and the 
transverse spacing Sx are set at 210 mm (the smaller 
dimension of an A4 sheet) to ensure that a mark 
appears on all sheets, however the web is cut, then 
for n = 4. the radius R of cylinder 50 is 133.7 mm. 
For m = 10, Sz is 21 mm. A mark length Lz of 
typically 14 mm is presently contemplated. From 
equation (2), this gives an offset r from the laser 
beam axis of 89.1 mm. 

Before going on to discuss a practical laser beam 
of significant cross-section, attention is drawn to 
Fig. 5 in which the transverse dimension L-X of each 
mark is much less than the transverse spacing Sx. In 
the example being considered Lx is contemplated as 
being 6 mm. The transverse extent of the mirror, 
which equals its radial height h (Fig. 3) in the 45° 
case, illustrated can be brought down to a value of a 
little in excess of 6mm. thereby fitting easily within 
the outer cylinder 50. The reduction of the trans- 
verse dimension of the mirrors does not affect the 
annular pattern shown in Rg. 2 and thus does not 
affect the instantaneous beam switching already 
discussed. 

Referring to Fig. 2 again, the mirror array of m.n 
mirrors fills the circular annulus, so that each 
subtends an angle 2n/mn. The arcuate width w of 
each at the radius r is thus Snr/mn which for the 
dimension derived gives value of 14mm. In fact it can 
be shown that to a close approximation w = Lz. This 
is seen in Fig. 4 where the chord UT' is equal to the 
chord corresponding to arc w. 

In discussing the formation of marks over an area 
Lx by Lz. it will be noted from Fig. 3. in particular, that 
the web is in close contact with the cylinder 50. 
Consequently, the apertures 54 in the cylinder 
aligned with the mirror elements 22 are at least of 
this size to allow marking over the required area of 
the web. So far the apertures 54 have been assumed 
to be open exposing the whole of the web within the 
aperture limits to irradiation. To form an image such 
as a logo on the web at each of the areas shown in 
Fig. 5, each aperture may be provided with a stencil 
80 located therein such as is illustrated in Fig. 6. The 
stenci! could be of a foil, for example copper, having 



the appropriate logo. "V\n'" as illustrated, cut out to 
allow the web to be marked with this lettering. 

It Is presently considered preferable that each 
aperture 54 contain a mask-bearing inset. Alterna- 
5 tively the aperture 54 could be a window of a material 
transparent to the laser wavelength used, the 
window having one surface carrying metallisation 
patterned in accord with logo or image to be marked. 
Carbon dioxide lasers which are useful for the 
10 present purposes have wavelengths in the infra-red 
where germanium is a suitable transparent material. 
For accuracy of registration of the image on the web, 
the metallisation may be better on the outer side of 
the window. For protection against wear it may be 
15 preferred to have the metallisation on the inner 
surface away from the web. particularly if the beam is 
well collimated to project the image without serious 
degradation. 
Attention will now be given to the characteristics 
20 of the laser beam required to produce an image or 
other marking of uniform intensity contained within 
each marking area of size Lx x Lz. 

Although the optical path traversed by the laser 
beam has been described in terms of a single ray 
25 path, as already mentioned the beam is in practice 
given a large enough cross-section to fill at least the 
width Lx of the markable area (Fig. 5). Thus as seen 
in Figs. 2 and 3. the incoming beam 40 will have a 
vertical extent at least comparable to the height h of 
30 the mirror surface 24 in the radial direction to make 
optimum use of the mirrors. Since h (say 6 mm or 
slightly greater) is less than w (say 14 mm) the beam 
does not fill the mirror in the scanning direction but 
the scanning itself will ensure the delivery of the 
35 required energy over the mask in the z direction. The 
scanning of the beam in the z direction does, in fact, 
result in the energy at any point in the marking area 
being a function of the beam energy distribution and 
the time of dwell. This may be better appreciated by 
40 first taking a simplified case. 

Looking at Fig. 5, assume that as the beann 
impinges on the leading edge of a mirror, say 35a, it 
starts to produce an illuminated rectangular area 
having a leading edge that is coincident with one 
45 transverse edge 90 of the area marked 70a. As the 
beam moves across the mirror, when It is equally 
distributed about the meridian of the mirror, (but not 
touching either edge 26 or 28) the illuminated area 
will appear as indicated by dotted lines 93 and 94 
50 moving to the left. Finally as it leaves the trailing 
mirror edge 28. the trailing edge 93 of the illuminated 
area is coincident with transverse edge 96 of the 
area marked. 
The total energy received by any point having a 
55 given x value is the same, the energy being the 
integral of the beam distribution in the z direction at 
that X value and the dwell time. The above-men- 
tioned uniform rate of sweep of the beam over the 
paper ensures that the same energy is delivered at 
60 any point having the given x value. To illustrate these 
concepts further, assume that in the rectangular 
distribution shown on area 70a. the distribution in 
the x direction is uniform for any z value: then the 
total energy received at any point in area 70a is the 
65 same however the beam irradiance varies in the z 
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direction. 

The foregoing discussion has been simplified. 
Real laser beams have a circular cross-section and 
may be operated in various modes for which the 
energy integral may be calculated along various 
chords in the z direction. Use may be made of a 
selected section or slice of the beam cross-section. 
For the marking arrangement given by way of 
illustration where Lx is 6 mm. the beam should have 
a diameter of at least this - such diameters are 
readily obtainable in laser systems. The beam may 
overspill in:the x direction, the mirror height h and/or 
the transverse dimension of the mask window being 
used to mask out unwanted portions of the beam. 
With the plane mirror arrangements disclosed and 
the 45° angle, the beam 42 reflected on the mask in 
at least the median position of the mirror will have 
the irradiance distribution of the incoming beam 40. 
Some modification of the reflected beam distribution 
may be achieved by contouring of the mirror 
surfaces. 

: A laser beam which combines efficient use of the 
laser power with obtaining uniform marking is a 
beam having a ring mode irradiance distribution of 
the kind shown in Fig. 8 which shows in a 
three-dimensional representation one hemi-circle 90 
of the circularly symmetrical mode structure. The 
mode structure is a combination of TEMoo 
TEMoi* modes providing a central peak 92 and an 
outer ring 94 of about equal peak value but not falling 
to zero in the valley 96 between them. It has been 
found that such a beam provides a substantially 
uniform energy delivery to any point swept by the 
beam except at the lateral margins of the sweep. 
Furthermore, provided the time taken for the beam 
to sweep past a given point on the paper does not 
exceed about 10 milliseconds the paper responds to 
the integrated exposure rather than the fine struc- 
ture of the beam. In the present case with the values 
of R and r given above, for a typical web velocity of 
1100 m/min. the scanning velocity is about 
730m/min. which provides a sweep time very much 
less than the 10 ms, just-mentioned. 

The beam may be truncated to remove the lateral 
margins, as by use of a mask, but the amount of 
beam power lost with the beam of Fig. 7 is small in so 
doing. 

One advantage of the apparatus described is that 
the beam does not have to be brought to a focus. 
The beam is traversing paths of different lengths 
across the web to the different mirror sets and the 
optical system is relatively simple in the absence of 
the need to focus the beam at each mask location. 
Mention has already been made of the degree of 
beam collimation desirable to register the mask 
image on the web dependent on the distance 
between the web and the mask. 

In the system thus far described, the web has 
been guided around the outer surface of the cylinder 
50 so as to be closely adjacent to and effectively 
contiguous with the masks for marking purposes. It 
Is possible that a non-contacting system might be 
employed in which the web moves In a path spaced 
from the cylinder. 

To this end a respective imaging system is aligned 



with each set of masks across the cylinder so that 
the mask currently being scanned is imaged on the 
web. This is possible provided both the web and 
mask are moving at the same speed, as in the direct 

5 contact case, and allowing for any optical reversal. 
The mask scanning laser beam is then imaged to 
likewise scan the mask image on the web. 

The laser may be a carbon dioxide laser with its 
output in the infra-red as already mentioned. It is 

lO envisaged that the laser output will be about 2.6 KW 
for marking carbonless copy base paper using a 
beam of the kind shown in Fig. 7 and the dimensions 
quoted above. For a larger mark - that is of greater 
width Lx (as in Fig. 5) - a larger diameter beam would 

15 be required to cover the mask in the x direction. A 
larger beam power would be necessary to obtain the 
power density at the papier isurface. It is intended 
that the system described employ a continuous 
wave (CW) laser which is utilised as fully as possible 
20 by the mirror array described. However, the scan- 
ning principle disclosed might be employed where a 
more intermittent marking was required and in which 
case a pulsed laser might be more appropriate to the 
task. 

25 In the apparatus described the mirror array and 
cylinder rotate as an entity. The uniting of the two 
into a single rotating structure enables a robust 
construction to be adopted suitable for the rigours 
of locating in a paper making or coating machine 

30 However, other constructions are feasible. For 
example, the number n of helices could be reduced 
by having the mirror array rotate faster. In the limit 
one helix only could be used provided the mirror 
array is then set to rotate at n times the speed it 

35 would otherwise rotate at. The mirror array need not 
be coaxial with the cylinder 50. The axes of the two 
might be offset though preferably still parallel. The 
requirement in any such modification is to syn- 
chronize the separate parts so as bring mirrors and 

40 masks into the necessary scanning alignment and to 
produce the described scanning action on reflection 
of the laser beam from the relevant mirror. 

The masks have been described as insets in a 
paper-guiding cylinder. Particularly if a non-contact- 

45 ing system were adopted, various other mask- 
mounting constructions are possible. 

Although the invention has been discussed in 
terms of a laser beam as the energy source, 
non-coherent sources might also be used. 

50 

Claims 

1. Apparatus for marking a moving sheet of 
55 material with light energy comprising at least 

one mask having a light transmission area of 
predetermined configuration defining a mark to 
be made on a moving sheet, the mask being 
mounted for rotation about an axis so as to 
60 pass through a marking position on each 

revolution, a mirror associated with the or each 
mask and mounted for rotation about an axis to 
intercept, at a reflection position, a predeter- 
mined axis along which a light beam is direc- 
65 table, the or each mirror, being of such 
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configuration and orientation tliat as it rotates 
through the reflection position a light beam 
directed along the predetermined axis is re- 
flected along a path that is angularly scanned in 
space to thereby scan the or an associated 
mask. 

2. Apparatus as claimed in Claim 1 in which 
the mirror or min^ors are mounted for rotation 
about an axis parallel to {including coincident 
with) the axis of rotation of the mask(s). 

3. Apparatus as claimed in Claim 2 in which a 
mirror and the or an associated mask are 
radially aligned when the mirror and mask are in 
their reflection and marking positions respec- 
tively. 

4. Apparatus as claimed in Claim 1. 2 or 3 in 
which said predetermined light axis is parallel to 
but spaced from the axis of rotation of the 
mirror or mirrors. 

5. Apparatus as claimed in any claim in which 20 
the or each mirror is a plane mirror. 

6. Apparatus as claimed in Claim 3, 4 and 5 in 
which the plane of the mirror in the reflection 
position is at 45° to the predetermined light 
axis. 

7. Apparatus as claimed in any claim in which 
the or each mirror has a dimension in a direction 
that, as projected onto the transverse dimen- 
sion of the or an associated mask for the 
purposes of light reflection to the latter, is at 30 
least as great as said transverse dimension. 

8. Apparatus as claimed in any preceding 
claim in which there are a plurality of mirrors 
arranged on a circle extending about the axis of 
rotation of the mirrors and at least an equal 35 
plurality of masks lying on a circle co-planar 

with the mirrors. 

9. Apparatus as claimed in any one of 
Claims 1 to 7 in which there are a plurality of 
mirrors axiaily spaced and angularly offset from 40 
one another about the mirror axis of rotation so 

as to successively achieve the reflection posi- 
tion, and in which there are a plurality of masks 
axiaily spaced In correspondence with the axial 
spacing of the mirrors so that each achieves its 45 
marking position simultaneously with a respec- 
tive mirror achieving its reflection position. 

10. Apparatus as claimed in any one of 
Claims 1 to 7 in which there is an array of 
mirrors comprising a plurality of axiaily spaced 50 
sets of mirrors all lying at the same radius of 
rotation, the sets being mutually angularly offset 
whereby successive mirrors achieving the re- 
flection position are from different sets. 

Apparatus as claimed in Claim 10 in which the 55 
succession of mirrors achieving the reflection 
position comprises a sequence of a mirror from 
each set. 

12. Apparatus as claimed in Claim 10 or 11 In 
which said mirrors as viewed from the direction 60 
of the predetermined light axis fill a circular 
annulus. 

13. Apparatus as claimed in any preceding 
claim in which the or each mask is located in 

and rotates with a cylindrical stmcture having 65 



an exterior surface for receiving and guiding a 
moving sheet through a marking location. 

14. A system for marking a moving sheet of 
material with light energy comprising apparatus 
as claimed in any preceding claim, a light source 
arranged to direct light energy along said 
predetermined axis, and means for guiding the 
moving sheet along a path adjacent the marking 
position or positions of the mask or masks. 

15. A system as claimed in Claim 14 as 
dependent on Claim 7 in which the light energy 
is in a beam having a cross-section that 
illuminates each mrxor over its dimension in 
said direction so as to illuminate the transverse 
dimension of each scanned mask. 

16. A system as claimed In Claim 14 or 15 as 
dependent on Claim 13 in which said path in 
which the moving sheet is guided includes a 
portion of the external surface of said cylindrical 
structure. 

17. A method of marking a moving sheet of 
material with light energy comprising: 
directing a light beam along a predetermined 
axis; 

moving a light transmissive mask along a 
predetermined path ; 

moving a mirror along an arcuate path to 
intercept the light beam axis and angularly scan 
a reflected beam about said axis and along a 
portion of said mask path; 
synchronizing and establishing the speeds of 
the movements of the mirror and the mask such 
that said mask moves along said portion of the 
mask path as the reflected beam scans along 
said portion at a different speed to the mask, 
wlieieby the mask is scanned by the reflected 
beam; 

moving a sheet of material along a predeter- 
mined path ; and 

optically coupling the mask to the sheet as the 
mask moves along said portion of its path such 
that the light transmitted by the mask repro- 
duces the scanning of the mask on the sheet. 

18. A method as claimed in Claim 17 in which 
said sheet path extends essentially contigu- 
ously to said portion of the mask path. 

19. A method as claimed in Claim 18 in which 
the sheet is moved at the same speed as said 
mask. 

20. A method as claimed in Claim 17, 18 or 19 
in which said mask path and s^d mirror path are 
both circular. 

21. A method as claimed in Claim 20 In which 
said circular mask and min-or paths lie in a 
common plane and have their axes of rotation 
parallel (including coincident). 

22. A method as claimed in Claim 21 in which 
said mask path has a greater diameter than said 
mirror path. 

23. A method as claimed in Claim 21 or 22 in 
which said mask and mirror move at the same 
angular velocity. 

24. A method as claimed in Claim 21 . 22 or 23 
in which the light beam axis is parallel to said 
axes of rotation and in which the mirror is plane 
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and is at 45° to its axis of rotation. 

25. A method of marking a moving sheet of 
material with light energy comprising: 
directing a light beam along a predetermined 
axis ; 5 
moving a plurality of light transmissive masks 
along respective predetermined paths that are 
spaced In the direction of said light beam axis; 
moving a plurality of mirrors along respective 
arcuate paths spaced in the direction of the io 
light beam axis to intercept the light beam axis 
in succession, each intercepting mirror angu- 
larly scanning a reflected beam about said axis 
and along a portion of a respective mask path; 
synchronizing and establishing the speeds of 15 
the movements of the mirrors and the masks 
and establishing the positions of the masks, 
such that as a mask moves along said portion of 
its mask path, the associated mirror intercepts 
the light beam axis to scan a reflected beam 20 
along the mask path portion at a different speed 
to the mask, whereby the mask is scanned by 
the reflected beam; 

moving a sheet of material along a predeter- 
mined path; and 25 
optically coupling each mask to the sheet as the 
mask moves along said portion of its path such 
that the light transmitted by the mask repro- 
duces the scanning of the mask on the sheet so 
as to mark the sheet at respective areas spaced 30 



both longitudinally of and transversely to the 
direction of sheet movement. 

26. A method as claimed in Claim 25 in which 
said mask path portions lie in a common 
surface and the said sheet path extends 
essentially contiguously to said surface. 

27. A method as claimed in Claim 26 in which 
said sheet and said masks are moved at the 
same speed. 

28. A method as claimed in Claim 25, 26 or 27 
In which said masks move in circular paths of 
the same diameter, and said mirrors move In 
circular paths of the same diameter. 

29. A method as claimed in Claim 28 in which 
an associated mask and mirror move in circular 
paths that lie in a common plane and have their 
axes of rotation parallel (including coincident). 

30. A method as claimed in Claim 28 or 29 in 
which the diameter of the mask paths is greater 
than that of the mirror paths. 

31 . A method as claimed in Claim 29 or 30 in 
which said mask and mirrors move at the same 
angular velocity. 

32. A method as claimed in Claim '29, 30 or 31 
in which the light beam axis is parallel to said 
axes of rotation and in which each mirror is 
plane and is at 45° to its axis of rotation. 

33. Apparatus for performing the method as 
claimed in any one of Claims 17 to 32. 
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